The aims of our study were: (1) to determine the prevalence of asymptomatic hepatic steatosis and presumed nonalcoholic steatohepatitis, in our local population of obese Chinese children referred for medical assessment; and (2) to assess the correlation between severity of ultrasonographic hepatic steatosis and degree of obesity, insulin resistance and serum biochemical abnormalities. DESIGN: Cross-sectional study. METHODS: In total, 84 obese children, 25 girls and 59 boys with median age and body mass index (BMI) of 12.0 years (interquartile range (IR): 9.5-14.0) and 30.3 kg/m 2 (IR: 27.1-33.4), respectively, referred for medical assessment were studied. All subjects underwent physical examination, anthropometric and dual energy X-ray absorptiometry (DEXA) scan measurements and real-time ultrasonographic (US) examination of the liver. Fasting blood samples were collected for the measurement of liver function, hepatitis status, levels of serum glucose and insulin and lipid profile. Degree of fatty infiltration of the liver was graded according to ultrasonic appearance of liver echotexture, liver-diaphragm differentiation in echo amplitude, hepatic echo penetration and clarity of hepatic blood vessels. RESULTS: All recruited subjects had no history of alcohol abuse and tests for Hepatitis B or C virus were negative. Thorough examination showed all of them to be in general good health without signs of chronic liver disease. Hepatic steatosis identified by defined ultrasonic appearances was diagnosed in 65 subjects (77%); 17 girls and 48 boys. The severity of fatty liver was positively related to anthropometric measurements including BMI, waist and hip circumference, subscapular skinfold thickness; insulin resistance markers [QUICKI and homeostasis model assessment (HOMA)], and hypertriglyceridaemia. Multvariate ordinal regression analysis showed that BMI and raised alanine aminotransferase (ALT) were positively associated with fatty liver. Combination of hepatic steatosis with raised ALT (presumptive NASH) was found in 19 subjects (24%). This group of patients had significantly higher waist hip ratio and conicity index compared to those with isolated hepatic steatosis. Boys with presumed NASH were also found to have significantly higher insulin resistance. CONCLUSION: Nonalcoholic fatty liver disease (NAFLD) was common among our cohort of obese children referred for medical assessment. The prevalence of simple steatosis and presumed NASH was 77 and 24%, respectively. The severity of US steatosis was positively correlated with BMI, raised ALT, insulin resistance and hypertryglyceridaemia. Ultrasonography being noninvasive and readily available could be used for the monitoring of the progression of hepatic steatosis. Further longitudinal studies are required to determine the natural disease progression and the role of insulin resistance and other factors in the pathophysiology of NAFLD.
Introduction
Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of disease ranging from simple hepatic steatosis to nonalcoholic steatohepatitis (NASH). Isolated fatty liver is considered to be a benign condition whereas NASH is an aggressive liver disease that leads to liver fibrosis or cirrhosis. 1 NAFLD is one of the most common emerging liver diseases in Western countries and coincides with the epidemic of obesity worldwide. 2, 3 NAFLD is usually found in obese subjects. [4] [5] [6] The gold standard of diagnosis is liver biopsy but this investigation is not frequently performed in the paediatric population. Liver ultrasonography (US) although not sensitive enough to assess liver fibrosis or inflammation has a sensitivity of 89% and a specificity of 93% for detecting histological steatosis. [7] [8] [9] [10] In the absence of liver biopsy, presumed NASH is conventionally diagnosed by classical ultrasonographic hepatic appearances together with an elevated serum level of alanine aminotransferase (ALT). 1 The prevalence of ultrasonic fatty liver was 2.6% in 810 normal weight Japanese children aged 4-12 years, 7 and increased to 23 and 53% in obese Japanese and Italian children, respectively. 9 NASH is considered to be a hepatic consequence of metabolic syndrome. [11] [12] [13] The development of steatosis as a result of hyperinsulinaemia and associated lipid peroxidation has been postulated to be the pathogenesis of NASH.
14 Growing evidence favours a positive association with insulin resistance and histological NAFLD in obese children. 15 Childhood obesity is also a major problem in Hong Kong. Data from School Health Service of the Department of Health showed that the rate of obesity increased from 12.7 to 14.7% in primary school and 10.4 to 12.4% in secondary school between the academic years 1997/98 and 2000/01 (G Tong, personal communication). Moreover, the prevalence of NAFLD and its relationship with other biochemical markers are not known in our locality. The aim of our study was two-fold: (1) to determine the prevalence of asymptomatic hepatic steatosis and presumed NASH (hepatic steatosis þ raised ALT), in obese Chinese children referred for specialist evaluation; and (2) to assess the correlation between the severity of hepatic steatosis as assessed by ultrasound with the degree of obesity, presence of insulin resistance and serum biochemical abnormalities.
Methods
Children with primary obesity aged 7-18 years were recruited at their first visit consecutively from our Obesity and Lipid Disorder Clinic during the period 1 January 2000 to 31 December 2002. These children were referred for further assessment and management by their primary health care physicians. Patients were included if they satisfied the following criteria: (1) did not suffer from any chronic liver disease, either clinical or biochemical; (2) had no history of alcohol consumption, and (3) all suffered from primary obesity with body mass index (BMI) above the 95th percentile according to local sex-and age-specific reference ranges. 16 Use of both conventional and alternative therapies were recorded. Body adiposity and the related measurements were performed with a total body scanner (QDR4500A. Hologic, Waltham, MA, USA) using array mode. This equipment used a switched pulse stable dual energy X-ray (DEXA) operating at 100 and 140 kV. An automatic internal reference system with a calibration wheel achieved the bone density measurement. Data were analysed using software version V8.26a:3. The equipment determined whole body as well as regional measurements of bone mass, lean mass and fat mass. Total fat mass was expressed in kilogram and as a percentage of body mass. These parameters were calculated by integrating the measurements for the whole body and different automatic default regions as arms, trunk, and legs. The trunk region consisted of the area bordered by a horizontal line below the chin, vertical borders lateral to the ribs and oblique lines passing through the femoral necks. The leg region included all tissue below these oblique lines. The measurements used for correlation assessment were subtotal (totalFhead) and trunk body fat expressed as a percentage of body mass. The total radiation dose per scan was o1 mSv.
All subjects had blood samples taken in the morning, after an overnight fast, for the estimation of plasma glucose (G 0 ) and serum insulin (I 0 ) concentrations, ALT activity and serum lipid profile (total cholesterol (TC), triglyceride (TAG), high-density lipoprotein cholesterol (HDL) and low-density lipoprotein cholesterol (LDL) concentrations). LDL was derived according to the Friedewald's equation. 22 Insulin resistance was assessed by homeostasis model assessment (HOMA) and QUICKI indices based on serum fasting insulin and glucose concentrations. HOMA was calculated as I 0 in mIU/l Â G 0 in mmol/l divided by 22.5. QUICKI index is defined as 1/(log I 0 þ log G 0 ). These two indices were derived from fasting samples were shown to be a valid tool for assessing insulin sensitivity in prepubertal and pubertal obese children. 23 Hepatic steatosis in Chinese children DFY Chan et al
Real-time US examination of the liver was performed using a 5 MHz curvilinear transducer in younger children and a 3.5 MHz transducer in larger or markedly obese children. The ultrasonography was performed by an experienced sonographer (EL) using an ATL 5000 ultrasound machine (Advanced Technology Laboratory, Bothell, USA). All the films were reviewed by a paediatric radiologist (WC). Both the sonographer and radiologist scored the ultrasound examination separately using a scoring system. The final scoring was obtained by consensus. The scoring system was based on three sonographic features commonly used for the detection of fatty infiltration of the liver and graded the severity of liver pathology similar to that described by Tominaga et al 7 on the basis of liver echotexture, liver-diaphragm differentiation in echo amplitude, hepatic echo penetration and clarity of hepatic blood vessels. The child was considered to have mild, moderate and severe fatty liver change if the overall score was 1-3, 4-6 and 7-9 respectively (Table 1 ).
Baseline variables were described as the medians and ranges of the groups. Kruskal-Wallis test was used to assess the association between US scores of fatty liver change with DEXA, anthropometric measurements, indices of insulin resistance and biochemical markers respectively. Multivariate ordinal regression was then used to assess the association between the severity of fatty liver and those significant risk factors found in the univariate analysis. SPSS for Windows statistical software (Release 11.5, SPSS Inc., Chicago, IL, USA) was used for the analyses. The level of significance was set at 5% in all comparisons, and all statistical tests were two-sided. Only two girls and two boys were overweight and the others were classified as obese according to the definitions of International Obesity Task Force with age and sex references. 21 The characteristics of the subjects are shown in Table 2 . Percentage above ideal BMI was higher in boys (P ¼ 0.031). Both indices for central adiposity, WHR and CI, were significant higher in male subjects (Pr0.001 and 0.037, respectively). Moreover, inflammatory markers, ALT and GGT, were also higher in boys (P ¼ 0.007 and 0.01, respectively). Some kinds of dyslipidaemia were found in 73% of our cohort. The most prevalence abnormal lipid profile was reduced high-density lipoprotein cholesterol (HDL) (o1.2 mmol/l) and that was detected in 47 subjects (56%). Hypercholesterolaemia (total cholesterol, TC 45.2 mmol/l) and hypertriglyceridaemia (triglyceride, TAG 42.0 mmol/l) were found in 22 (26%) and 16 (19%) subjects, respectively. LDL was calculated in 83 children, and the remaining subject was unsuccessful because of interference by abnormally high serum triglyceride concentration (44.5 mmol/l). Elevated LDL (43.4 mmol/l) was found in 15 subjects (18%).
In total, 65 children (77%) had radiological evidence of fatty liver, 32 (38%), 20 (24%) and 13 (16%) were found to have mild, moderate and severe degrees of fatty liver, respectively. Out of the 25 girls (68%), 17 had fatty liver (six mild, six moderate and five severe) as did 48 (81%) boys (26 mild, 14 moderate and eight severe). Out of 30 children (67%), 20 aged 7-10-year-old had sonographic steatosis. Agreement between independent observers in the numerical scoring for presence of fatty liver was highly consistent (weighted kappa index ¼ 0.89, Po0.001). The severity of fatty liver was positively related to anthropometric measurements including BMI (P ¼ 0.013), waist and hip circumference (P ¼ 0.005 and 0.014, respectively), subscapular skinfold thickness (P ¼ 0.038); QUICKI (P ¼ 0.008), HOMA (P ¼ 0.008) and TAG (P ¼ 0.04). A consistent and strong positive association between severity of fatty liver and elevation of ALT and gamma-glutamyltransaminase (GGT) was demonstrated. (P ¼ o0.001) ( Table 3) . Multivariate ordinal regression analysis showed that BMI and ALT were positively associated with fatty liver. Elevation of ALT and GGT were found in 19 (24%) and 16 subjects (19%), respectively. All of them had radiological evidence of steatosis indicating a diagnosis of presumptive NASH. Three of 19 presumed NASH subjects were girls. Only one subject had elevated GGT with normal ALT. The highest ALT was 152 mmol/l (three-fold rise) in a child who had evidence of a moderate degree of fatty liver. In total, 42% of presumed NASH subjects were less than 10-year-old. An extremely obese 7.5-year-old boy with BMI 35.8 kg/m 2 was the youngest patient with a presumptive diagnosis of presumed NASH. Significantly higher WHRs, GGT and CI were noted in the presumed NASH patients, but higher insulin resistance was only demonstrated in the male subjects.
Discussion
High prevalence (77%) of hepatic steatosis among Chinese obese children referred for medical assessment was reported in this study. Hepatic steatosis was positively correlated with BMI, raised ALT, insulin resistance and TAG and in multiple regression analysis, BMI and elevated ALT were independent predictors for this condition. The prevalence of presumed NASH was 24% and central fat distribution based on WHR and CI was significant higher in the presumed NASH subjects. Insulin resistance was positively correlated with male presumed NASH subjects.
The term NASH was first used by Ludwig et al 24 in 1980 to describe a syndrome in morbidly obese females with type II diabetes mellitus and hepatic histology consistent with alcoholic hepatitis without alcoholic usage. Ultrasonography for detecting fatty change, combined with an elevation of ALT as a marker of hepatic inflammatory change, can be used to make a presumptive diagnosis of NASH in the absence of liver biopsy. 1, 25 The overall prevalence of simple hepatic steatosis diagnosed by real-time ultrasonography in 810 normal Japanese children at age of 4-12 years old in 1995 was 2.6%, whereas that in corresponding obese children was 23%. 7 In total, 53% of obese Italian children with median age of 9.5 years had radiological fatty liver and 25% of them Hepatic steatosis in Chinese children DFY Chan et al Table 3 Association of degree of hepatic steatosis and NASH with dermographic parameters, biochemical markers and DEXA had abnormal liver enzyme. 9 The higher prevalence of simple hepatic steatosis (77%) in our subjects may be related to a greater degree of obesity (median BMI 30.3 kg/m 2 and median percentage above ideal BMI 171%) in these children who had been referred by the primary care physician for further medical assessment. However, the prevalence of presumed NASH in our subjects was similar to that of the Italian group. A 'two-hit' theory for the development of NASH has been proposed.
Fatty liver ALT
14 Hepatic steatosis resulting from obesity and hyperinsulinaemia is then followed by a second hit of oxidative stress and lipid peroxidation. In our study, the positive correlation between radiological hepatic steatosis and BMI, TAG and insulin resistance indicates that higher adiposity may lead to a greater degree of fatty acid accumulation in the hepatocytes by a chain of molecular interactions of hypertriglyceridaemia and hyperinsulinaemia resulting in downregulation of the insulin receptors. The strong association between the degree of fatty liver and elevation of ALT suggests that the greater degree of steatosis, the higher the chance for inflammatory change and possible development of the more progressive disease, NASH. These findings also support the first part of the 'two-hits' theory, but the linkage between inflammatory changes signified by elevation of ALT to further oxidation stress is still unknown.
Monitoring the progress of steatosis by US over time will be important to clarify these relationships. Elevation of ALT, but not the degree of fatty liver, was correlated with WHR and CI (markers of central obesity) in our study. This suggests that central fat distribution can be correlated with the development of inflammatory change in pre-existing hepatic steatosis. Insulin resistance is one of the well-recognized reproducible markers of the development of NAFLD in both obese and nonobese adults. 26, 27 It is associated with the metabolic syndrome and is characterised by hypertension, diabetes, hyperlipidaemia, suboptimal serum HDL cholesterol concentration and obesity and hence increased mortality and morbidity. 28 Insulin resistance has also been shown to correlate with childhood obesity. 29, 30 review of the liver histology from 43 obese children showed that insulin resistance markers were good predictors of liver pathology. We showed a positive correlation between insulin resistance markers and presumed NASH only in male subjects, possibly reflecting the greater number of fatter males in our sample. Whether gender influences the role of insulin resistance in pathogenesis of NAFLD will require a larger cohort. NAFLD can happen in young age as demonstrated in our study. In total, 42% of presumed NASH subjects were younger than 10 year old in our cohort, and the youngest one was 7.5 year old. The progression of NAFLD in children can be terminated by early weight reduction, which can lessen the degree of fatty infiltration and reverse of the biochemical abnormalities. 9 Therefore, it is important to identify the presence of fatty liver early so that the patient and family can be given this extra incentive to tackle the weight problem. Limitations of our study include its cross-sectional design which precluded an assessment of the progress of NAFLD and its relationship with anthropometric and biochemical measures over time. The absence of any liver biopsy data prevents us from confirming whether the presumptive NASH patients did in fact have abnormal histology. US is an operator-dependent procedure. Observer bias was minimized in our study by consensus and, moreover, agreement between independent observers in the numerical scoring for the presence of fatty liver was highly consistent. The patchy distribution of the disease is difficult to be assessed by echogenicity alone and therefore the scoring may not be accurate enough. Magnetic resonance imaging may be the next mode of investigation to address these problems in the future. In 1993, a growth survey consisted of 25 000 school aged children in Hong Kong showed a higher prevalence of obesity in boys, 13.4 vs 10.6% in girls. 33 In our sample, the number of male subjects was twice more than female and much higher than that in general population. Therefore, our highly selected samples and had preponderance of males subjects with greater degree of obesity may not be applicable to all obese children in Hong Kong. Further, larger longitudinal studies including children with varying degrees of obesity are justified to determine the natural history of the condition in obese children.
In conclusion, NAFLD is a common condition in obese Chinese children. Early detection with regular monitoring over time should be considered in view of the fact that this potential serious health condition is reversible. Ultrasonography is a nonionizing, noninvasive and readily available imaging modality for assessment of liver disease and its routine use for screening and monitoring of hepatic steatosis is recommended. Further longitudinal studies are required to determine the role played by insulin resistance and other factors such as central fat distribution in the development of NASH in children with pre-existing hepatic steatosis.
